###### Significance of this study

What is already known about this subject?
=========================================

-   Telemedicine has been applied in diabetic retinopathy (DR) screening.

-   High rates of incomplete referral after telescreening for DR, and patients factors or healthcare system factors might contribute to the barriers for accessing the eye care services.

What are the new findings?
==========================

-   Referral completion and perceived barriers to the referral were assessed in a large representative sample with vision-threatening DR (VTDR) from the communities after DR telescreening.

-   The issue of incomplete referral is serious among the individuals with VTDR, particularly in the elder and low education level population.

-   The negativity of knowledge-related and attitude-related factors might be more prominent than logistic barriers in predicting the incomplete referrals.

How might these results change the focus of research or clinical practice?
==========================================================================

-   Novel strategies for improving the compliance with referral assist in optimizing the referral accessibility and the ongoing educational support to improve the awareness of disease, and increase the effectiveness of physician-patient communication.

Introduction {#s1}
============

The progression of diabetes leads to diabetic eye disease, particularly diabetic retinopathy (DR), which affects over a third of people with diabetes and causes a heavy global burden of the disease. Many developing countries like China and India are facing an alarming increase in the incidence of diabetes and DR due to rapid industrialization and urbanization.[@R1] According to community-based studies in China, 9.4%--43.1% of people with diabetes are expected to have DR, while approximately 5.2%--6.5% patients with diabetes might have vision-threatening DR (VTDR).[@R2]

Vision loss and blindness due to DR are almost entirely preventable through regular eye examinations and timely management.[@R5] Unfortunately, the rate of early detection and treatment of DR in low-income and middle-income countries has remained very low; this is due to an increase in the population with diabetes, lack of eye care resources, and limited access to quality and affordable eye care.[@R6] Telemedicine is a promising tool to address this public health issue, and has the potential to facilitate more widespread and cost-effective DR screening.[@R9] Meanwhile, many successful telemedicine programmes have been established in high-income countries such as Europe and USA, and the integration of DR telescreening into the healthcare system as a regular service has been promoted deliberately by the governments.[@R12] In Shanghai, the first telescreening system for DR in experimental community health service centers (CHSCs) has been built by us in 2009.[@R14] A comprehensive management system for diabetic eye diseases has been established through the Shanghai Diabetic Eye Study (SDES) since 2015, which focused on telescreening, referral, treatment, and follow-up.[@R15]

The effectiveness and efficiency of DR telescreening depends on the referral rate.[@R17] Few studies have reported significant differences in the referral rates for eye care after implementation of eye screening programmes, which ranged from 11% to 60%.[@R18] Patient-level or healthcare system-level factors might contribute to the barriers for accessing eye care services and high rates of incomplete referrals. This study aimed to understand referral completion and explore the barriers related to the referral after DR telescreening among patients with diabetes with VTDR. The targeted population and perceived barriers that are at high risk of incomplete referral were focused on to develop the policies and interventions in order to improve the use of eye care services after DR telescreening.

Research design and methods {#s2}
===========================

Shanghai Diabetic Eye Study {#s2-1}
---------------------------

The SDES was implemented in all 240 CHSCs from 2015 to 2017. Sampling was carried out by a proportional sampling plan based on name, age, and sex, such that each individual with diabetes aged 35 years and above under community-based diabetes management will have an equal chance to participate in the study. A total of 211 469 people with diabetes (32% coverage rate) have been enrolled.[@R16] The SDES has established a referral relationship between several CHSCs and the nearby superior (secondary or tertiary) hospitals in the same region. The referral hospitals were instructed to set up a special process so as to accept the referred participants for further examination and treatment. The SDES process is shown in [online supplementary figure S1](#SP1 SP2){ref-type="supplementary-material"}.
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Study participants {#s2-2}
------------------

All participants were from SDES. The inclusion criteria were as follows: patients (1) Who completed DR telescreening. (2) Graded with VTDR by remote retinal image reading. (3) Who were referred to a superior hospital within a specified time (60 days). (4) Who independently completed the self-reported questionnaire. We informed the eligible participants regarding the investigation time and place in detail and a door-to-door survey was performed for the participants with limited physical mobility.

This study adhered to the tenets of the Declaration of Helsinki. Written informed consent was obtained from all participants before enrollment.

Development of referral questionnaires {#s2-3}
--------------------------------------

The survey instrument used questions adapted from the China Census 2010 and a survey that evaluated and predicted the attendance of people with DR in the SDES to annual eye examinations.[@R16] Additionally, key informant interviews were conducted of people with DR and of eye care practitioners to assess their views regarding the frequent barriers to referrals. The referral survey was a pilot study tested on a sample of 50 patients with VTDR in order to modify the survey items. The final referral survey focused on sociodemographic characteristics, and the perceived barriers (such as knowledge-related, attitude-related, and logistics-related factors) to the referral, and included an open-ended question as the main reason for incomplete referral ([online supplementary table S1](#SP2){ref-type="supplementary-material"}). The participants were asked how much they agreed with a statement about each barrier on a four-point scale, ranging from strongly disagree to strongly agree (eg, 'My life is too busy for referral').

Data analysis {#s2-4}
-------------

The data were analyzed using SPSS V.22.0 (IBM, Armonk, New York, USA), and a value of p\<0.05 was considered to be statistically significant. Participants who self-reported that they have not visited the superior hospitals within 60 days were categorized as incomplete referral. For each barrier to the referral, the responses were dichotomized between 'Agree' or 'Strongly Agree' as 'yes' and 'Agree' or 'Strongly Agree' as 'no'. The barriers that are positively phrased (eg, 'I trust the recommended superior hospital.') are reverse coded.

First, univariate associations along with the variables (sociodemographic characteristics and perceived barriers to referral) of incomplete referrals were tested using χ^2^ or independent-sample t-tests. Second, the variables with significant associations in univariate analysis entered a multiple logistic regression model to identify the variables that are significantly related to incomplete referral. A final model was then developed to assess the predictive validity that combined significant sociodemographic characteristics and perceived barriers to the referral in multivariate logistic regression with self-reported incomplete referral as the dependent variable. Furthermore, the frequency distribution, median number of barriers to the referral, and the cumulative effect of barriers were evaluated by examining the associations with incomplete referrals. In addition, the electronic medical records of a random sample of 400 participants were reviewed to test the validity of self-reports as a measure of incomplete referral.

Results {#s3}
=======

Sample characteristics {#s3-1}
----------------------

Approximately 4140 (2.1% detection rate) potential participants with VTDR were identified through DR telescreening. Among these, 3362 (81.2%) participants with response rate were included in the referral survey. Most of these (2986/3362, 88.8%) completed the questionnaires via interviewer-administered surveys due to poor visual acuity and low education levels, and the remaining participants completed the questionnaires by themselves. The participants' age ranged from 35 years to 93 years, while 79.7% are older than 60 years of age. The duration of diabetes ranged from 0.25 years to 52 years, with 54.8% with diabetes for more than 10 years. Glycated hemoglobin (HbA1c) levels higher than 7.0% (53 mmol/mol) were reported by 73.0% of participants. Furthermore, the number of participants with vision loss (25.6%) or blindness (18.4%) was high. Overall, 53.9% of the referrals (1812/3362) were considered complete. The participants with incomplete referrals were significantly older, with recently diagnosed diabetes, lower education level and milder DR grading. In addition, these factors showed significant association with incomplete referrals, except DR grading, and entered the multivariate logistic regression model ([table 1](#T1){ref-type="table"}). For all except three records (3/400, 99.3%), the participants' reports of complete referrals were confirmed as accurate by electronic medical records.

###### 

Descriptives, and univariate and multivariate analyses of sociodemographic and clinical-related variables for incomplete referrals in the cross-sectional survey

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                      Total\         Complete referral\   Incomplete referral\   Univariate   Multivariate\*                         
                                                      (n=3362)       (n=1812)             (n=1550)                                                                   
  --------------------------------------------------- -------------- -------------------- ---------------------- ------------ ---------------- --------------------- ---------
  District (%)                                                                                                   5.413        0.067            --                    --

   Urban area                                         908 (27.0)     515 (28.4)           393 (25.4)                                                                 

   Suburb area                                        1380 (41.0)    744 (41.1)           636 (41.0)                                                                 

   Semiurban suburb area                              1074 (31.9)    553 (30.5)           521 (33.6)                                                                 

  Gender (%)                                                                                                     1.043        0.307            --                    --

   Male                                               1472 (43.8)    808 (44.6)           664 (42.6)                                                                 

   Female                                             1890 (56.2)    1004 (55.4)          886 (57.2)                                                                 

  Mean age (SD), years, %                             66.75 (8.16)   66.31 (8.17)         67.27 (8.13)           −3.41        0.001                                  

   \<50                                               75 (2.2)       44 (2.4)             31 (2.0)               12.61        0.013            1.10 (1.02 to 1.20)   0.019

   50 \~\<60                                          510 (15.2)     305 (16.8)           205 (13.2)                                                                 

   60 \~\<70                                          1524 (45.3)    813 (44.9)           711 (45.9)                                                                 

   70 \~\<80                                          1056 (31.4)    558 (30.8)           498 (32.1)                                                                 

   ≥80                                                197 (5.9)      92 (5.1)             105 (6.8)                                                                  

  Type of diabetes (%)                                                                                           2.964        0.085            --                    --

   Type 1 diabetes                                    40 (1.2)       27 (1.5)             13 (0.8)                                                                   

   Type 2 diabetes                                    3157 (93.9)    1700 (93.8)          1457 (94.0)                                                                

   Other specific types                               5 (0.1)        5 (0.3)              0 (0.0)                                                                    

   Not known                                          160 (4.8)      80 (4.4)             80 (5.2)                                                                   

  Mean time diagnosed with diabetes (SD), years, %†   13.18 (7.43)   13.57 (7.48)         12.73 (7.34)           3.261        0.001                                  

   ≤5                                                 561 (16.9)     278 (15.5)           283 (18.6)             8.607        0.035            0.88 (0.81 to 0.95)   0.001

   \>5\~≤10                                           908 (27.4)     491 (27.4)           417 (7.4)                                                                  

   \>10\~≤20                                          1390 (42.0)    756 (42.2)           634 (41.7)                                                                 

   \>20                                               453 (13.7)     266 (14.9)           187 (12.3)                                                                 

  Mean hemoglobin A~1c~ (SD), %‡                      8.30 (1.81)    8.32 (1.81)          8.29 (1.82)            0.43         0.667                                  

   \<53 mmol/mol (7%)                                 858 (26.3)     452 (25.7)           406 (27.0)             1.325        0.516            --                    --

   ≥53 mmol/mol (7%)\~\<75 mmol/mol (9%)              1337 (41.0)    736 (41.8)           601 (39.9)                                                                 

   ≥75 mmol/mol (9%)                                  1069 (32.8)    571 (32.5)           498 (33.1)                                                                 

  Marital status (%) §                                                                                           2.69         0.101            --                    --

   With a partner                                     3045 (90.7)    1656 (91.5)          1389 (89.8)                                                                

   Without a partner                                  311 (9.3)      154 (8.5)            157 (10.2)                                                                 

  Education level (%)                                                                                            55.609       \<0.001          0.71 (0.65 to 0.79)   \<0.001

   Illiteracy                                         327 (9.8)      129 (7 nm.1)         198 (12.8)                                                                 

   Primary school                                     1111 (33.1)    551 (30.5)           560 (36.3)                                                                 

   High school                                        1761 (52.5)    1036 (57.3)          725 (47.0)                                                                 

   College degree or above                            154 (4.6)      93 (5.1)             61 (4.0)                                                                   

  Visual impairment (%)¶\*\*                                                                                     7.954        0.093            --                    --

   Normal and near-normal vision                      1790 (54.7)    935 (52.8)           855 (57.0)                                                                 

   Vision loss                                        861 (26.3)     481 (27.2)           380 (25.3)                                                                 

   Uniocular blindness                                508 (15.5)     285 (16.1)           223 (14.9)                                                                 

   Mild binocular blindness                           23 (0.7)       16 (0.9)             7 (0.5)                                                                    

   Severe binocular blindness                         88 (2.7)       53 (3.0)             35 (2.3)                                                                   

  Remote reading diagnosis (%)                                                                                   8.544        0.014            0.88 (0.81 to 0.95)   0.112

   Mild/moderate NPDR with DME                        510 (15.2)     276 (15.2)           234 (15.1)                                                                 

   Severe NPDR                                        2223 (66.1)    1165 (64.3)          1058 (68.3)                                                                

   PDR                                                629 (18.7)     371 (20.5)           258 (16.6)                                                                 
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Variable not included in multivariate analysis because no significant result was obtained in univariate analysis.

\*Results of multivariate logistic regression analysis for significant variables were included in the final model after using a stepwise backward elimination.

†Overall, in the cross-sectional survey, n=3312 (50 participants did not report their time of diagnosis with diabetes); complete referral, n=1791; incomplete referral, n=1521.

‡Overall, in the cross-sectional survey, n=3264 (98 participants had no data on their most recent test result); complete referral, n=1759; incomplete referral, n=1505.

§With a partner included married and domestic partnership, and without a partner included single, separated, divorced and widowed.

¶Visual impairment was graded on the presenting vision acuity. Normal and near-normal vision ≥0.3 in both eyes; vision loss 0.1\~\<0.3 in the worse eye and ≥0.1 in the better eye; uniocular blindness \<0.1 in the worse and ≥0.1 in the better eye; mild binocular blindness \<0.1 in the worse and 0.05\~\<0.1 in the better eye; severe binocular blindness \<0.05 in both eyes.

\*\*Overall, in the cross-sectional survey n=3270 (92 participants had no data on presenting visual acuity); complete referral n=1770; incomplete referral n=1500.

DME, diabetic macular edema; NPDR, non-proliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy.

Perceived barriers associated with incomplete referrals {#s3-2}
-------------------------------------------------------

A total percentage of 97.2% (3267/3362) participants experienced at least one barrier during the referral process. The most frequent barriers cited by the participants were about knowledge-related and attitude-related factors, which were as follows: 'Too much trouble to see an ophthalmologist in a superior hospital', 'My eyes are okay', 'Have not been diagnosed or treated before', 'No serious illness requiring treatment at present', and 'Fear of examination and treatment'. In addition, 'Distrust the recommended hospital', 'Depression', and 'Too old to want any more treatment' were considered as the least frequent barriers ([table 2](#T2){ref-type="table"}). Among the participants with incomplete referrals, 88.3% (1368/1550) provided substantive responses for incomplete referral. Review of these reasons resulted in the creation of 18 categories ([online supplementary figure S2](#SP3 SP2){ref-type="supplementary-material"}); 97.1% (1328/1368) of the reasons provided were covered by items in our survey, while 2.9% (40/1368) were not, which included suffering from other diseases (21/40), forgetting (11/40), relocating (6/40), communication difficulties (1/40), and weather (1/40).
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###### 

Univariate and multivariate analyses of the perceived barriers to the referrals among participants with vision-threatening diabetic retinopathy after telescreening (n=3362)

  Barrier statement                                                    Numbers (%)   Univariate            Multivariate \*                         
  -------------------------------------------------------------------- ------------- --------------------- ----------------- --------------------- ---------
  Knowledge-related and attitude-related factors                                                                                                   
   Too much trouble to see an ophthalmologist in a superior hospital   2075 (61.9)   1.52 (1.32 to 1.76)   \<0.001           1.09 (0.92 to 1.28)   0.325
   My eyes are okay                                                    1513 (45.0)   2.29 (2.00 to 2.63)   \<0.001           1.77 (1.51 to 2.09)   \<0.001
   Have been diagnosed or treated before telescreening                 1273 (38.0)   0.47 (0.41 to 0.55)   \<0.001           0.52 (0.45 to 0.61)   \<0.001
   No serious illness needs treatment at present                       1269 (37.8)   3.28 (2.83 to 3.79)   \<0.001           2.01 (1.70 to 2.38)   \<0.001
   Fear of examination and treatment                                   1152 (34.3)   0.88 (0.76 to 1.01)   0.077             --                    --
   No effective treatment for diabetic retinopathy at present          1147 (34.2)   0.90 (0.78 to 1.04)   0.149             --                    --
   No response to previous treatment                                   941 (28.4)    0.75 (0.65 to 0.88)   \<0.001           0.98 (0.80 to 1.20)   0.855
   Difficulty in getting time to referral                              692 (20.6)    3.06 (2.57 to 3.66)   \<0.001           2.15 1.77 to 2.61)    \<0.001
   Good eyesight in the other eye                                      688 (20.6)    1.37 (1.16 to 1.62)   \<0.001           1.05 (0.87 to 1.27)   1.052
   Too old to want any more treatment                                  477 (14.2)    3.03 (2.46 to 3.72)   \<0.001           2.58 (2.05 to 3.26)   \<0.001
   Depression                                                          477 (14.2)    0.89 (0.73 to 1.08)   0.234             --                    --
   Distrust the recommended hospital                                   239 (7.1)     1.72 (1.32 to 2.24)   \<0.001           1.53 (1.13 to 2.06)   0.006
  Logistics-related factors                                                                                                                        
   Mobility or transportation difficulties                             1134 (33.9)   1.24 (1.08 to 1.43)   0.003             1.32 (1.12 to 1.55)   0.001
   Financial difficulties                                              781 (23.2)    0.93 (0.79 to 1.09)   0.36              --                    --
   Lack of an escort                                                   636 (18.9)    1.96 (1.64 to 2.33)   \<0.001           1.18 (0.95 to 1.47)   0.143

Barrier not included in multivariate analysis due to no significant result in univariate analysis.

\*Results of multivariate logistic regression analysis for significant barriers that are included in the final model after using a stepwise backward elimination.

When the perceived barriers by the participants who had complete and incomplete referrals were compared, the barriers with the strongest associations with incomplete referrals differed from those that are most frequently mentioned ([figure 1](#F1){ref-type="fig"}). For instance, 'Distrust the recommended hospital' and 'Too old to want any more treatment' were the less frequent barriers, but had stronger associations with incomplete referrals in the multivariate model. Other significant associations included 'Difficulty in getting time to referral', 'No serious illness need treatment at present', 'My eyes are okay', and 'Mobility or transportation difficulties'. In contrast, 'Have been diagnosed or treated before' was significantly associated with complete referral ([table 2](#T2){ref-type="table"}). The final model provided 68.1% accuracy and explained approximately 22% of the variance in classifying the participants (Nagelkerke's R^2^=0.215). All the seven barriers discussed above and two sociodemographic characteristics (older age and lower education level) were considered significant predictors of incomplete referrals in this model ([table 3](#T3){ref-type="table"}).

![Comparison of perceived barriers by the participants who had complete and incomplete referrals using a multiple logistic regression model. \*p\<0.01; \*\*p\<0.001.](bmjdrc-2019-000970f01){#F1}

###### 

Final model of logistic regression analysis by using stepwise backward elimination for significant sociodemographic characteristics and perceived barriers to the referral

                                                         OR (95% CI)           P value
  ------------------------------------------------------ --------------------- ---------
  Sociodemographic characteristics                                             
   Age                                                   1.13 (1.04 to 1.24)   0.007
   Education level                                       0.77 (0.68 to 0.87)   \<0.001
  Perceived barriers                                                           
   Too old to want any more treatment                    2.38 (1.88 to 3.01)   \<0.001
   Difficulty in getting time to referral                2.15 (1.76 to 2.61)   \<0.001
   No serious illness needs treatment at present         2.07 (1.75 to 2.44)   \<0.001
   My eyes are okay                                      1.85 (1.57 to 2.18)   \<0.001
   Distrust the recommended hospital                     1.55 (1.15 to 2.08)   0.004
   Mobility or transportation difficulties               1.22 (1.03 to 1.44)   0.021
   Have been diagnosed or treated before telescreening   0.54 (0.46 to 0.64)   \<0.001

Cumulative effects of barriers {#s3-3}
------------------------------

The number of barriers to the referral as experienced by the participants is shown in [figure 2](#F2){ref-type="fig"}. Both participants with complete and incomplete referrals have experienced a median of four barriers. The participants who experienced the lowest quartile of barriers (three or more barriers) more likely had incomplete referrals than others (51.6% vs 31.9%, OR 2.28). In addition, when compared with the participants who experienced the median number of barriers to referral (four or more barriers) and the others (53.3% vs 37.5%, OR 1.91), the participants with the highest quartile of barriers to referral (six or more barriers) and the others (55.8% vs 43.0%, OR 1.67) showed approximately the same odds of incomplete referral. Moreover, those participants who experienced one or more significant barriers were nearly twice as likely to have incomplete referral than others (48.4% vs 27.7%, OR 2.46), ([online supplementary table S2](#SP2){ref-type="supplementary-material"}).

![Number of barriers to referral as experienced by the participants (n=3362).](bmjdrc-2019-000970f02){#F2}

Discussion {#s4}
==========

Our study is the first to assess referral completion and perceived barriers affecting referral behavior after DR telescreening in a large representative sample with a high response rate from communities. The outcomes indicated that although DR telescreening greatly improved the accessibility to eye care services among individuals with diabetes, the subsequent referral rates were not high. On an average, only one of two participants with VTDR reported completed referral and received appropriate eye care after DR telescreening. Moreover, the referral rate varied greatly among individuals based on different sociodemographic characteristics and perceived barriers to the referral.[@R23]

Sociodemographic characteristics, including old age and low education levels were regarded as significant predictors of incomplete referral as shown in the previous studies.[@R24] Older individuals with diabetes are more susceptible to VTDR, but with limited understanding of the diseases and the reasons for referral. These findings help to inform the frequency of surveillance of older and less educated individuals with VTDR. Participants with a more recent diagnosis of diabetes, better presentation of visual acuity or milder DR grading showed no significant association with incomplete referral in our study, and were inconsistent with the previous study results. Generally, individuals with longer duration of diabetes have greater odds of visual impairment from DR, and require an ophthalmology referral.[@R20] These findings provided evidence that DR telescreening in the communities covers more people who are young or recently diagnosed with diabetes, and improves disease awareness even in the asymptomatic stage.[@R6] Besides, living areas, which is a common reason for delayed follow-up in people with DR,[@R21] showed no association with perceived risk of incomplete referral in our study. It is probably due to the referral system of the SDES that connected the CHSC with the nearby superior hospital, making eye care services more accessible for individuals with VTDR. In addition, although there was no significant association between HbA1c levels and incomplete referral, nearly half of the participants with better glucose control had incomplete referrals. Therefore, people with diabetes should control their blood glucose levels to completely prevent the progression of DR, and regular eye examination and timely referral are also considered more important.[@R27] Furthermore, no association between sex, type of diabetes and marital status and incomplete referral was observed as reported in previous studies.[@R21]

Consistent with previous studies, the findings of the present study suggested that knowledge-related and attitude-related factors might be more prominent than logistic barriers in predicting incomplete referrals among participants with VTDR.[@R23] At first, participants with incomplete referrals more significantly believed that they were 'Too old to need any more treatment', and reported that 'My eyes are okay' and 'No serious illness need treatment at present'.[@R19] In addition, 'Difficulty getting time to referral' was significantly cited by more participants with incomplete referral; however, most of the participants in our study were of retirement age (28/32). These findings indicated a significant lack of awareness of the participants with DR, which is particularly more in low-income and middle-income countries.[@R21] If participants with diabetes were unaware of the severe prognosis of DR and have not yet experienced any functional vision changes, they potentially would not have understood the purpose of the referral.[@R31] This highlights the importance of educating people with DR to ensure understanding of the necessity and benefits of early treatment. Extensive studies in patients with chronic eye diseases showed persistent efforts towards patient education in order to improve medication compliance.[@R32]

The other significant knowledge-related and attitude-related barrier associated with incomplete referral was 'Distrust the recommended hospital'. Previous studies have shown that trust acts as a critical element in medical care.[@R30] In China, people generally believe that doctors in tertiary/specialized hospitals have ample clinical experience and higher level of diagnosis and treatment when compared with others in secondary hospitals and tertiary/specialized hospitals with more advanced equipment for diagnosis and therapy.[@R36] Therefore, while establishing the regional referral systems, increasing the publicity and capacity of the recommended hospitals and information-sharing between primary hospitals and superior hospitals are considerably important.

The remaining significant knowledge-related and attitude-related factor 'Have been diagnosed or treated before telescreening' showed significant association with complete referral, indicating that past experience of eye care could increase the patients' motivation for referral. Previous studies have shown that increasing effective physician-patient communication assists in explaining the purpose that further diagnosis and treatment might improve the referral rates after DR telescreening.[@R21]

The only significant logistic barrier associated with incomplete referral was 'Mobility or transportation difficulties', which was consistent with that of the previous studies which had poor utilization of referral services.[@R29] At a societal level, there is a need for affordable and accessible transportation services for individuals with DR seeking eye care. For health practitioners, understanding the underlying reasons regarding the patient\'s concerns and fears in greater depth and optimizing the referral accessibility (eg, door-to-door examination, community volunteering development) might be able to address this logistic barrier.

Although financial factors, one of the most common logistic barriers to eye care service, particularly in the low-income and middle-income countries,[@R17] showed no significant association with incomplete referral in our study. This difference was possibly because that the SDES provided low-cost or free eye care services for participants with VTDR during the referral process. However, the effect of participants' income and indirect financial burden (eg, transportation costs and missed days of work) on referral compliance has not been investigated in our study. Also a distinction between the capacity to pay and willingness to pay for healthcare services has been put forward in previous studies.[@R38] Moreover, although 'Depression' did not predict incomplete referral in our study, previous studies have reported that depressed people had lower compliance with recommended behavior and lifestyle changes in order to reduce the risk of adverse events.[@R40] There might be a need for clinicians to systematically assess the mental health of people with DR and direct them to have appropriate therapeutic services. Therefore, more evidence should be obtained on these two barriers in future studies.

Of note, 61.9% of the participants have complained about 'Too much trouble to see an ophthalmologist in a superior hospital', which improved the clarity of the referral process and clinical efficiency that is limiting the impact of incomplete referral. For instance, superior hospitals can set up outpatient services especially for people with VTDR, and promote appointment service for referrals to avoid long waiting times.[@R41] In addition, offering laser treatment as an outreach service in primary hospitals could be considered.[@R21] Furthermore, more than half of the participants who experienced three or more barriers had incomplete referrals, and the chance to complete referral was half of the participants who experienced at least one significant barrier after DR telescreening. Therefore, much attention should be paid to people with DR who have any significant barriers and three or more perceived barriers during the referral process.

From the perspective of health economics, DR telescreening and referral contribute to considerable saving when compared with the 'no prevention' strategy.[@R42] The ultimate cost of blindness from DR progression far outweighs the marginal cost of referral as well as follow-up.[@R24] In 2017, the average cost for DR onset till the treatment of advanced stage in Shanghai is approximately US\$710, which included the cost of operation, examination, and drug. In SDES, a price of only US\$22 has been estimated for detecting early stage DR by telescreening in an individual in the community based on actual resource consumption. Therefore, early detection and intervention effectively prevents disease progression, thus saving health expenses greatly.[@R10]

However, the present study had several limitations. First, participants likely experienced other barriers to referral that were not addressed in our study, although our survey was based on key informant interviews and the referral questionnaire. Second, data collection relied on participants' self-reports of referral, presenting a potential for recall bias. Third, the participants were surveyed about the perceived barriers to referral about 2 months after receiving the referral recommendations. Thus, they might have forgotten the detailed barriers that they experienced or might have outweighed some barriers more than others after they had completed their referral. Furthermore, our study did not investigate adherence to treatment or follow-up, limiting the applicability of the findings.

Conclusions {#s5}
===========

The issue of incomplete referral after DR telescreening is shown to be more serious among participants with VTDR, particularly in the elder and low education level population. The negativity of knowledge-related and attitude-related factors might be more prominent than logistic barriers for predicting incomplete referrals. Therefore, new strategies for improving compliance with referral after DR telescreening should optimize referral accessibility, and the ongoing educational support to improve the awareness of the disease and increase the effectiveness of physician-patient communication.
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